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EMSAAbstract The insect cuticle is composed of various proteins and formed during the moult under a
complex biological process that depends on the cross talk between hormone levels and gene expres-
sion. In the present study, we aimed to clarify the ecdysone-dependent temporal regulation mech-
anisms of cuticular proteins expression and the underlying control of Bombyx mori metamorphosis.
The expression of CPR55 was observed from the W3 early stage and peaked at pupation when the
ecdysteroid titre declined. CPR55 was induced by the ecdysone pulse, and their expression peaked
at 24 h after transfer to a hormone free medium. Transcripts of CPR55 were neither observed after
the 20E pulse treatment in the presence of cycloheximide nor after the addition of 20E in V4 wing
discs. We analysed the upstream region of the CPR55 gene using a transient reporter assay with a
gene gun system which identiﬁed only one bFTZ-F1 binding site important for cis-acting elements
for the transcription activation of the luciferase reporter gene by an ecdysone pulse. Site-directed
mutagenesis of this element in the context of the 589-bp promoter fragment drastically decreased
the reporter activity. The nuclear protein bound to bFTZ-F1 sites was identiﬁed by an elec-
trophoretic mobility shift assay suggesting that CPR55 expression was regulated by bFTZ-F1
through the ecdysone pulse. The results conﬁrmed that transcription factor, BmbFTZ-F1, binds
to the cis-regulatory elements in the promoter of the gene coding for cuticle protein, CPR55, and
regulates its expression during B. mori metamorphosis.
ª 2015 The Egyptian German Society for Zoology. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Ecdysone-responsive expression of cuticular proteins has been
reported (Charles, 2010). The expression of cuticular protein
gene is induced by ecdysteroid which requires the existence
Silkworm Bombyx mori cuticular protein CPR55 gene regulation by bFTZ-F1 21and removal of 20E (Apple and Fristrom, 1991; Hiruma et al.,
1991; Zhong et al., 2006). This condition is similar to that of
the stage around the ecdysis and is up-regulated by 20E
in vitro (Horodyski and Riddiford, 1989; Braquart et al.,
1996; Noji et al., 2003). Thus, cuticular protein genes, which
have different developmental proﬁles, are induced by different
types of ecdysone signal (Charles, 2010).
Over 200 cuticular protein genes have been identiﬁed in
Anopheles gambiae (Cornman et al., 2008) and Bombyx mori
(Futahashi et al., 2008), and several distinct families of cuticu-
lar proteins are recognized (Willis, 2010). Among them, three
types of CPR are known, which have conserved amino acid
residues known as R&R residue (Rebers and Riddiford,
1988). R&R residue has been shown to involve in binding
chitin (Rebers and Willis, 2001; Togawa et al., 2004).
Furthermore, insect genomic sequences brought about the
comprehensive analysis of cuticular-protein gene expression
(Togawa et al., 2008) and the analysis of its regulation by tran-
scription factors (Ali et al., 2012a,b 2013, 2015; Ali and
Swapon, 2014). Cuticular protein genes have different expres-
sion proﬁles (Togawa et al., 2008) and regulatory systems by
ecdysone-responsive transcription factors (Murata et al.,
1996; Yamada et al., 2000; Kawasaki et al., 2002). Among
these transcriptional regulators, bFTZ-F1 has been suggested
to be a regulator responsible for the stage-speciﬁc expression
of cuticle protein genes during the prepupal stage (Kawasaki
et al., 2002). Studies with mutants have shown that bFTZ-F1
was required for normal larval cuticle production (Yamada
et al., 2000). From this, insect cuticular protein genes are sug-
gested to be a suitable material for clarifying the regulatory
mechanism of ecdysone-responsive transcription factors.
Expression of BmorCPR99 and BmorCPR92 was induced
by an ecdysone pulse through a transcription factor, bFTZ-
F1, bound to their upstream binding sites increased their pro-
moter activity (Nita et al., 2009). It was recently reported that
BMWCP4 was regulated by E74A (Ali et al., 2012a) and
CPG13 by BR-C Z2 (Ali et al., 2015) through a reporter assay
by using wing discs. Thus, it was proved that the expression of
the cuticular protein genes of B. mori was regulated by
ecdysone-responsive transcription factors.
Previously, nobody has studied about transcriptional acti-
vation of CPR55, so we hypothesized that CPR55 might be
regulated by bFTZ-F1. The aim of this study is (1) to analyse
the expression proﬁle of CPR55, (2) transcriptional activation,
and (3) possible mechanism by which this gene is regulated.
The data suggest a role of a protein, bFTZ-F1, in the regula-
tion of the expression of wing disc cuticular protein genes
and metamorphosis.
Materials and methods
Insects
The B. mori, larvae were reared at 25 C under a photoperiod
of 12:12 (L:D) h. Larvae began wandering after six days of the
ﬁfth larval instar and pupation occurred 3 d later. The ﬁrst day
of the ﬁfth larval instar was designated as V0 with the follow-
ing feeding phases from V1 to V6 correspondingly until the
beginning of wandering, which is W0. The following 3 d before
pupation were designated as W1–W3. The W3 stage was
divided into three different stages, W3 early (W3E), W3 mid(W3M), and W3 late (W3L). The W3 stages were determined
on the time and visible shortening of the length of the leg.
The newly emerged pupa was designated as P0 and the follow-
ing consecutive days were designated as P1–P9 (Ali et al.,
2015).
In vitro culture
Wing discs of larvae at the V4 and W2 stages were prepared
for the in vitro culturing. For wing disc preparation, the fat
body and trachea were carefully removed under a light micro-
scope. The culture was carried out according to a previous
report (Kawasaki, 1989) at 25 C under sterile conditions. In
vitro induction was conducted at various times-points follow-
ing administration of 2 lg/ml 20E to V4 wing discs and after
cessation of a 12 h pulse of 2 lg/ml 20E to discs from W2.
The necessity of protein synthesis for induction was tested in
the cultured discs by administration of 50 lg/ml cycloheximide
from the start of culture (V4) or at the time of 20E removal
(W2).
Real-time PCR
Total RNA was isolated from wing discs collected at distinct
developmental stages from wing discs using RNAiso kit
(Takara, Japan) according to manufacturer’s instruction.
First-strand cDNA was synthesized from 1 lg of total RNA
in a 10 ll reaction mixture using ReverTra Ace kit (Toyobo,
Japan). Real-time PCR was performed using the FastStart
Universal SYBR Green Master (Roche) in an ABI7500 real-
time PCR machine (Applied Biosystems). Each ampliﬁcation
reaction was performed in a 25 ll qRT-PCR reaction under
the following conditions: denaturation at 95 C for 10 min fol-
lowed by 40 cycles of treatment at 95 C for 10 s and at 60 C
for 1 min. Ribosomal protein S4 (Bmrpl:GenBank accession
no. NM_001043792) was used as a control gene. All the values
were normalized to the level of Bmrpl in each sample to elim-
inate variations in mRNA and cDNA quality and quantity.
The transcript abundance value of each individual was the
mean of three replicates. Each pair of primers was designed
using Primer3 software (http://frodo.wi.mit.edu/) as listed in
Table 1.
BLAST search
The CPR55 upstream sequence was identiﬁed and it was
searched for putative bFTZ-F1binding sites through the
sequences referring to previous studies (Murata et al., 1996;
Ueda and Hirose, 1990) and only one site was identiﬁed, which
is present around the position of 537.
Plasmid construction and mutagenesis
The two selected upstream regions (2056 to +19 and 589
to +19) of CPR55 were ampliﬁed by PCR according to previ-
ous report (Ali et al., 2015). The ampliﬁed DNA fragments
were digested with SacI and NheI and then ligated into the
SacI and NheI sites of the luciferase reporter plasmid pGL3-
basic to generate the constructs. A Renilla luciferase reporter
(PhRG-hsp) driven by the Drosophila heat-shock protein70
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22 M.S. Ali et al.promoter (Tomita et al., 2001) was used as a normalization
control (Nita et al., 2009). Single mutant, (537/533)
bFTZ-F1mut for CPR55 was performed with the Quick-
Change Site-Directed Mutagenesis Kit (Stratagene) using
the CPR55-589 plasmid as the template. 20 ng of plasmid
DNA was ampliﬁed with Pfu DNA polymerase followed by
digestion of the parental plasmid by DpnI. The mutated plas-
mid was introduced into XL1-Blue super-competent cells.
The mutagenic reactions were performed according to the
manufacturer’s instructions. The introduction of each muta-
tion was conﬁrmed by sequence analysis. Oligonucleotide pri-
mers used to generate the constructs and mutation are shown
in Table 1.
Luciferase transient expression assays
Transient expression of the reporter constructs in wing discs
was performed as previously described (Nita et al., 2009).
According to the manufacturer’s instructions, 12.5 mg of gold
particles (diameter: 1.0 lm) was coated with plasmid DNA
(50 lg each of pGL3-derived vectors and 5 lg phRG-hsp).
The reporter constructs were introduced into wing discs using
a particle gun (Bio-rad). Bombardment proceeded under
helium pressure of 150 psi (pounds per square inch). After
bombardment, wing discs were cultured for 48 h at 25 C in
Grace’s medium (Invitrogen) with or without 2 lg/ml of 20E
(Sigma) previously described (Kawasaki, 1989). After 48 h of
culture, wing discs were washed twice in PBS. The tissues were
suspended in a 25 ll 1· reporter Passive Lysis Buffer (Pro-
mega) and frozen/thawed for 5 cycles in liquid nitrogen before
the supernatant was equilibrated at 4 C for 1 h. The super-
natant was collected by centrifugation at 12,000g for 2 min
at 4 C. The luciferase reporter assay was carried out using a
Dual-Luciferase reporter assay system (Promega) in a lumi-
nometer (Perkin Elmer) according to the manufacturer’s
instruction. The luciferase activity was normalized to the level
of the Renilla luciferase activity. All experiments were per-
formed at least ﬁve times. The results were expressed as the
mean ± S. E. M., and signiﬁcance was set at p< 0.05.
Electrophoretic mobility shift assay
Nuclear extract was prepared from wing tissues of the P0 stage
described previously (Ueda and Hirose, 1990). Protein concen-
tration of the lysate was determined by the Bradford method
(Bradford, 1976). After freezing by liquid nitrogen, extract
was stored at 80 C until further analysis. Binding reactions
were incubated at 25 C for 30 min in a ﬁnal volume of 20 lL
mixture containing a 1· binding buffer, 1 lg of poly (dIÆdC),
5% glycerol, 0.05%NP-40, 50 mM KCL, 5 mM MgCL2,
0.1 mM EDTA, 0.5 mM DTT, 10 lg of nuclear extracts, and
20 fmol of a biotinylated end-labelled double-stranded probe.
For the competition experiments, 5 and 50-fold excess of unla-
belled wild-type or mutant oligonucleotide competitors were
added to the binding reaction mixtures. For the supershift
assay, 2 lg of bFTZ-F1 antibody was added to detect the
supershift and mixer was incubated for another 30 min. The
samples were run in 5% polyacrylamide gel at 110 V for 2–
3 h. After electrophoresis, the gel was blotted onto a positively
charged nylon membrane (Hybond N+; Amersham Bio-
sciences). Membranes were developed using the LightShift
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Figure 1 Results of Real-Time PCR of gene CPR55 and bFTZ-F1. RNA was extracted from wing discs and reverse transcribed to
cDNA for use in Real-Time PCR. Values represent the mean ± S.E.M. of results from three independent experiments. Level of mRNA
from W2 to P1.
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Figure 2 Effect of ecdysone pulse treatment of gene CPR55 and bFTZ-F1. Wing discs of the W2 stage were incubated 12 h in a medium
containing 2 lg/ml 20E and then transferred to a hormone-free medium with (open circle) or without cycloheximide (50 lg/ml) for the
indicated time. RNA was extracted from wing discs and reverse-transcribed to cDNA for use in qRT-PCR. Each datum was calculated
from three independent experiments. The result is expressed as the mean ± S. E. M. Asterisks indicate p< 0.05 signiﬁcance by the
student’s t-test. Level of mRNA of the ecdysone pulse treatment.
FTZ-F1 TATA box
CPR55
β
Figure 3 Schematic representation of the putative binding sites
of the ecdysone-responsive transcriptional factor located on the
upstream of CPR55. The bFTZ-F1 binding sites are shown. Bars
indicate 2 kb upstream region from the transcription start site.
Silkworm Bombyx mori cuticular protein CPR55 gene regulation by bFTZ-F1 23Chemiluminescent EMSA Kit (Pierce) according to the manu-
facturer’s protocol. The oligonucleotides were used in EMSA
as probes and/or competitors are listed in Table 1.
Results
The expression of cuticular protein gene, CPR55, was found
distinctive from that of other cuticular protein genes in the
ﬁfth larval stage of B. mori. Transcripts of CPR55 level were
peak at P0. CPR55 transcripts rapidly increased after W3E
and remained at higher level until P0 stage, then decreased
after P0 stage (Fig. 1A). bFTZ-F1 transcript levels wereincreased gradually from W3E stage and peaked at P0 then
decreased (Fig. 1B). The developmental proﬁle of CPR55
resembled that of bFTZ-F1. Thereafter, the responsiveness of
the cuticular protein gene CPR55 and bFTZ-F1 was examined.
The transcripts of CPR55 cuticular protein genes were not
induced by the addition of 20E (data not shown). This result
was similar to bFTZ-F1. bFTZ-F1 transcripts were not
induced by the 20E addition (Ali et al., 2013). CPR55 tran-
scripts were induced at 6 h after 20E removal and peaked after
24 h (Fig. 2A). bFTZ-F1 was at peak similar to CPR55
(Fig. 2B).
From developmental proﬁles and ecdysone-responsiveness,
CPR55 showed strong similarities with bFTZ-F1. Therefore
CPR55 promoter activity was examined by using wing disc
related with bFTZ-F1 binding sites. CPR55-2056 has only
one putative bFTZ-F1 binding sites (TGGCCTTGC) and
showed strong luciferase activity in the W2 wing disc
(Fig. 4). This indicates that bFTZ-F1, which was produced
by ecdysone pulse before pupation, binds to the sites and facil-
itates the promoter activity of CPR55-2056. To clarify this
hypothesis an in vitro wing disc culture system was performed.
Expression of CPR55 was observed at W3E – P0 stage, and it
was coincident with the decrease of haemolymph ecdysteroid
titre before pupation. CPR55 expression was also induced by
Firefly/Renilla luciferase activity
CPR55  -2056 
CPR55 -589 Luc
Luc
FTZ-F1 binding site
0 5 10 15
The deleted constructs of CPR55
TGGCCTTG
*
*
Pulse treatment
Non-pulse treatment
+19
β
Figure 4 Transient expression analysis of the CPR55 promoter in wing discs at W2. The ecdysone responsiveness of the upstream
sequences of CPR55 was examined. Different lengths of constructs were introduced into wing discs (W2). The promoter activity was
observed after bombarded wing discs were cultured for 48 h at 25 C with or without 2 lg/ml 20E. The left side of the graph shows
different constructs and putative bFTZ-F1 binding sites existing in the upstream region of CPR55. All experiments were performed at least
ﬁve times. The results are expressed as the mean ± S. E. M., and signiﬁcance was p< 0.01 (*) by the student’s t-test. The horizontal axis
indicates the relative luciferase activity in arbitrary units. Filled boxes: wing discs were cultured without 20E (ecdysone pulse); empty
boxes: wing discs were cultured with 20E (non-pulse treatment). The ﬁrst panel indicates the promoter activity of construct CPR55-2056.
The second panel shows the promoter activity of deleted construct CPR55-589.
Firefly/Renilla luciferase activity
0 5 10 15
CPR55 -589 wild
CPR55 -589 mut
-537/-533 
The wild type and the mutant constructs of CPR55
TGGtCgTa Pulse treatment
Non-pulse treatment
*
*
TGGCCTTG
Luc
Luc
βFTZ-F1 binding site
Figure 5 Site-directed mutagenesis of the putative 537/533 bFTZ-F1 sites on CPR55 promoter expression in wing discs at W2.
Mutant construct in element bFTZ-F1 upstream of the CPR55 promoter was created by site-directed mutagenesis. These constructs were
introduced into wing discs (W2). The promoter activity was observed after bombarded wing discs were cultured for 48 h at 25 C with or
without 2 lg/ml 20E. The left side of the graph shows different constructs and putative bFTZ-F1 binding sites existing in the upstream
region of CPR55. The horizontal axis indicates the relative luciferase activity in arbitrary units. All experiments were performed at least
ﬁve times. The results are expressed as the mean ± S. E. M., and signiﬁcance was p< 0.01 (*) by the student’s t-test. Mutated nucleotides
are indicated in small letters. The closed triangle indicated the wild-type sequence, and the open triangle indicated the mutated sequences.
Filled boxes: wing discs were cultured without 20E (ecdysone pulse); empty boxes: wing discs were cultured with 20E (non-pulse
treatment). The second panel shows the promoter activity of deleted construct CPR55-589. The ﬁrst panels indicate the promoter activity
of the mutation at the putative 537/533 bFTZ-F1 binding sites of the construct CPR55-589.
24 M.S. Ali et al.the removal of 20E after incubation in vitro (Fig. 2A). There-
fore, the expression of CPR55 was examined in vitro.
In this experiment, the result showed that CPR55 was indu-
cible by ecdysone pulse. W2 wing discs showed a strong signal
of CPR55 with pulse treatment of 20E (Fig. 2A). For pulse
treatment, wing discs of W2 stage were dissected and stored
in the Grace medium without 20E, and then the construct of
CPR55-2056 was introduced into wing discs. The bombarded
wing discs were transferred and cultured in the medium with-
out 20E 48 h. W2 stage of haemolymph ecdysteroid titre is
high; therefore these wing discs were treated with ecdysone-
pulse. For non-pulse treatment, wing discs of W2 stage were
dissected and stored in the Grace medium with 20E, and thenthe construct of CPR55-2056 was introduced into wing discs
and cultured in the medium with 20E 48 h. The construct of
CPR55-2056 showed lower activity in the non-pulse treatment
than in the pulse treatment (Fig. 4). This result indicated that
there existed elements, which were responsive to an ecdysone
pulse, in a 2056 bp fragment.
To identify the ecdysone-responsive region of the CPR55-
2056 element, two constructs containing fragments of various
lengths were prepared and were also introduced into wing discs
as described above. Both constructs showed higher activity in
the pulse treatment than in the non-pulse treatment (Fig. 4). A
substantial reduction in transcriptional activation was not
resulted from the further deletion of the 2056 to 589
Competitor
Antibody 
Bound DNA 
Supershift 
Free probe
50x 
Mut 
5x 
Mut 
5x 
WT
50x 
WT
_
_FTZ-F1 ___
_
_
1             2            3            4             5            6 
Figure 6 EMSA analysis of the bFTZ-F1 binding site in the
CPR55 promoter. Nuclear extracts from wing tissues at the P0
stage were incubated with the Biotin-labelled probe and elec-
trophoresed in a 5% polyacrylamide gel. For the competition
experiment, a 5–50-fold molar excess of unlabelled wild type
oligonucleotide (WT) or a 5–50-fold molar excess of unlabelled
mutant oligonucleotide (Mut) was used as a competitor. For the
supershift assay, 2 lg of bFTZ-F1 antiserum was added to the
reaction mixture.
Silkworm Bombyx mori cuticular protein CPR55 gene regulation by bFTZ-F1 25regions. These results indicated the existence of activators in
the 589/+19 region in the wing discs. Reduction of CPR55
promoter activity by the deletion of 50-ﬂanking region between
2056 and 589 did not show signiﬁcant decrease in luciferase
activity. Therefore, bFTZ-F1 binding sites exist between 589
and +19 region (Fig. 3).
In an attempt to show whether mutagenesis in the putative
bFTZ-F1 binding sites in CPR55-589 affects the promoter
activity, we performed site-directed mutagenesis experiment.
According to previous reports (Murata et al., 1996; Ueda
and Hirose, 1990), we changed three nucleotides in the puta-
tive bFTZ-F1 binding sites (TGGCCTTGC to TGGtCgTaC,
537 to 533). CPR55-589 and Mutant CPR55-589 were
introduced into the ecdysone pulse-treated and non-pulse trea-
ted wing discs of the W2 stage. Mutants CPR55-589 showed
signiﬁcantly lower activity than wild CPR55-589 in the pulse
treatment (Fig. 5). Both constructs showed low activity with
the non-pulse treatment. These results indicated that the muta-
tion affecting the binding of bFTZ-F1 resulted in the reduction
of the luciferase activity. These results suggested that bFTZ-F1
was an important positive regulator of the CPR55 promoter.
Electrophoretic mobility shift assay (EMSA) was done to
clarify whether the factors binding to the putative bFTZ-F1
binding sites (TGGCCTTGC to TGGtCgTaC, 537 to
533) existed or not. Shifted bands were observed in theelectrophoresis of the oligo-nucleotide probes incubated with
nuclear extract of P0 wing tissues (Fig. 6). After the
competition with cold probes, signals of upper band (Bound
DNA) became disappeared in 50· excess (Lane-5), although
5· excess probes did not show clear competition (Lane-4).
By contrast, cold probes with three nucleotides substitutions
(TGGCCTTGC to TGGtCgTaC, 537 to 533) did not com-
pete with the radio-labelled probes and signals of upper band
remained (Lane 2 and 3). The result indicates that the upper
band was the complex of bFTZ-F1 binding sites and binding
proteins. The upper complex was partly blocked by the
bFTZ-F1 antibody and made a supershift band (Fig. 6, lane
1), indicating that the complex was made by bFTZ-F1 binding
with the probe. These results demonstrated that bFTZ-F1
interacted with the 537/533 bFTZ-F1sites in the CPR55
promoter region.
Discussion
Recent studies have shown that different ecdysone-responsive
transcription factors are expressed differently in different
regions of epidermis, which determined the cuticle protein gene
expression (Ali et al., 2012a,b 2013, 2015). Thus, these
ecdysone-responsive transcription factors are suggested to reg-
ulate their target genes, and the series of their expression
would bring about insect metamorphosis. In this study, we
showed for the ﬁrst time that CPR55 expresses strongly at
around pupation and transcriptionally activated by bFTZ-F1.
The developmental expression proﬁle of CPR55 resembled
that of bFTZ-F1. Both CPR55 and BmorCPR92 (Ali et al.,
2012b) are induced by the ecdysone pulse, but the induction
of CPR55 was more rapid than that of BmorCPR92.
Ecdysone-responsiveness of CPR55 resembled that of bFTZ-
F1. Through the reporter assay we demonstrated the related-
ness of CPR55 and bFTZ-F1. Thus, ecdysone and ecdysone-
pulse induction of cuticular protein genes revealed to depend
on the transcription factors that regulate them. Ecdysone
responsiveness of cuticular protein genes has been demon-
strated by using in vitro wing disc culture system and transient
reporter assay system by using gene gun (Nita et al., 2009). The
binding and the mutagenesis revealed the function of
ecdysone-responsive transcription factors on the induction of
cuticular protein genes (Nita et al., 2009; Ali et al., 2013).
Together with these reports; the present ﬁndings clariﬁed the
regulatory mechanism of cuticular protein genes by
ecdysone-responsive transcription factors.
The wing disc culture system was used to compare the ecdy-
sone pulse and non-pulse treatment with the promoter activity
in different reporter constructs. The result indicated that all the
constructs showed higher luciferase activity in the pulse treat-
ment than in the non-pulse treatment, conﬁrming that CPR55
was induced by an ecdysone pulse. The result of EMSA anal-
ysis conﬁrmed the bFTZ-F1 binding on putative bFTZ-F1
binding sites as previously shown (Murata et al., 1996;
Kawasaki et al., 2002), which suggested that bFTZ-F1 was
bound to the promoter region of pupal cuticle protein genes.
The result of mutagenesis of bFTZ-F1 binding sites suggested
that the promoter activity of CPR55 was correlated with ecdy-
sone pulse and bFTZ-F1 sites. Together with the results of the
promoter activity, it is suggested that bFTZ-F1 works through
binding to the bFTZ-F1 binding sites in response to an
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Figure 7 Schematic representation of cuticular protein gene and related ecdysone-responsive transcription factor in parentheses in wing
discs of B. mori in the late ﬁfth larval instar. Ecdysteroid titre (Sakurai et al., 1998), bFTZ-F1 (Ali et al., 2013) and CPR55 are indicated.
26 M.S. Ali et al.ecdysone pulse. Thus, the evidence that pupal cuticle protein
genes are induced by bFTZ-F1 is evolutionally conserved in
Lepidoptera and Diptera. Moreover, we showed by mutagen-
esis that bFTZ-F1 bound to the promoter of CPR55 resulted
in transcriptional activation. With the luciferase reporter gene
assay, the mutation of bFTZ-F1 binding sites signiﬁcantly
reduced the transcriptional activity indicating the positive role
of bFTZ-F1 through the binding sites. The present result of the
transcriptional activity by the bFTZ-F1 binding on the cuticle
protein gene was similar to that of BMWCP2 (Nita et al.,
2009), which conﬁrmed the system efﬁciency used in the pre-
sent study and bFTZ-F1 function on the ecdysone-pulse
induced cuticle protein genes. bFTZ-F1 was suggested to func-
tion in the induction of BMWCP9 (Ali et al., 2012a), since
bFTZ-F1 was inducible by decline in the ecdysteroid titre
and was induced by a 6-h exposure to 20E followed by 6 h
in the hormone-free medium (Sun et al., 1994). In Drosophila,
bFTZ-F1 has positively regulated the pupal cuticle protein
genes, EDG84A and EDG78E, during the mid to late prepupal
period (Murata et al., 1996; Kayashima et al., 2005). A func-
tional bFTZ-F1 binding site has been described in one adult
cuticular-peptide gene of B. mori (Shiomi et al., 2000).
bFTZ-F1 has been reported to bind to the upstream of a target
gene (Murata et al., 1996; Shiomi et al., 2000), to form a com-
plex with MBF1 and MBF2 (Liu et al., 2000), to recruit a coac-
tivator (Zhu et al., 2007), and to interact with MHR4 (Hiruma
and Riddiford, 2001). Furthermore, a mutation of bFTZ-F1
has also been reported to inhibit the expression of ecdysone
responsive genes, resulting in a defect of pupal and adult mor-
phogenesis (Broadus et al., 1999). The transcriptional activity
by the bFTZ-F1 binding on the cuticle protein gene has
recently reported with BMWCP2 and BMWCP9 (Nita et al.,
2009; Ali et al., 2012a). The ﬁndings of present study along
with previously reported suggest the notion that bFTZ-F1
functions as the primary factor in response to the ecdysonepulse and binds with or recruits other factors, resulting in
the regulation of the stage speciﬁc expression of target genes,
such as CPR55.
There are several BRC binding sites and many other puta-
tive transcription-binding sites between 2056 and 589 and
+1 bp upstream of CPR55. BRC isoforms have been shown
to participate in pupal commitment and the expression of
pupal-speciﬁc genes and that of different isoforms work in a
different manner (Bayer et al., 2003; Reza et al., 2004; Zhu
et al., 2007). From these reports, it is speculated that BRC-
Z4 isoform correlates with the expression of CPR55 to
enhance and direct the expression induced with bFTZ-F1
before pupation. Further studies are needed to clarify the func-
tion of BRC, and other factors, in the regulation of CPR55.
Thus, the expression of CPR55 was regulated by the ﬂuctu-
ation of ecdysteroid titre through bFTZ-F1 (Fig. 7). Expres-
sion of bFTZ-F1 is induced by the ecdysone pulse, which
results in the induction of CPR55. These studies provide a
basis for investigating temporal regulation of cuticle protein
gene by ecdysone.
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